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Abstract 

If significant longitudinal polarization of both the electrons and positrons becomes 
feasible at a future linear collider (LC), it may be possible to use spin rotators to produce 
transversely polarized beams. Using the transverse polarization of both beams, new 
azimuthal spin asymmetries can be formed which will be sensitive probes for new 
physics beyond the Standard Model. Here we demonstrate that these asymmetries 
are particularly sensitive to the exchange of Kaluza-Klein towers of gravitons, or other 
spin-2 fields, that are predicted to exist in higher dimensional theories which address 
the hierarchy problem. These new asymmetries are shown to be able to extend the 
search reach for such new physics by more than a factor of two, provide an additional 
tool for isolating the signatures for spin-2 exchange up to mass scales in excess of f Oy^, 
and can be used to help differentiate among the proposed solutions to the hierarchy 
problem below the production threshold for new particles. 
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1 Introduction 


New Physics beyond the Standard Model (SM) is expected to lie at or near the TeV scale on 
rather general grounds. Once this scale is probed by future colliders, such at the LHC and 
the Linear Collider (LC), this new physics should begin to show itself. What is uncertain 
is the form this manifestation will take. The most straightforward scenario to visualize and 
analyze experimentally would be the production of new particles such as SUSY or Kaluza- 
Klein resonances. A second possibility is that new processes which are not allowed within 
the SM framework will begin to be observed; it may be very difficult in this case to access 
the underlying theory. Lastly, one can imagine that the data begins show small deviations 
from the SM predictions for various observables, e.g., cross sections and asymmetries, which 
grow with increasing energy. This last possibility signals the existence of new physics beyond 
the kinematic reach of the collider which is manifesting itself in the form of higher dimen¬ 
sional operators, he., generalized contact interactions. These operators can arise from the 
exchanges of new particles, too massive to be directly produced, with different spins and in 
various channels depending upon the particular model. From the literature it is easy to con¬ 
struct a rather long list of potential new physics scenarios of this type; clearly this list does 
not exhaust all of the possibilities: a Z' from an extended gauge model [|1|, |^], scalar or vector 
leptoquarks[||, |3|, i?-parity violating sneutrino(h) exchange^, scalar or vector bileptons||], 
graviton Kaluza-Klein(KK) towers || |?j in extra dimensional models || [!)|, gauge boson KK 
towers [JR], [FJ], and even string excitations [[□]]. 

If such deviations are observed it will be necessary to have techniques available to 
differentiate the multiple possibilities experimentally and point us in the direction of the 
correct scenario. One possible path to take if this situation is realized is to compare the 
observed shifts with the predictions of all of the currently available models ]T2[ . An alternative 
to this approach is to develope specific tools to rapidly identify certain classes of models which 
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lead to uniquely distinct signatures. In this paper we examine one such tool which becomes 
available at the LC provided both the e~ and e + beams are initially longitudinally polarized 
and spin rotators are used to convert these to transversely polarized beams. As we will see 
below, transverse polarization (TP)|13j allows for new asymmetries to be constructed which 
are associated with the azimuthal angle formed by the directions of the e ± polarization and 
the plane of the momenta of the outgoing fermions in the e + e _ —> // process. Historically, 
the possible use of TP as a tool for new physics searches and analyses has not gotten the 
attention it deserves in the literature ||13||. Here, in an effort to partially remedy this situation, 
we are interested in using the associated TP asymmetries to uniquely probe for the s-channel 
exchange of spin-2 fields in e + e~ collisions which we normally associate with the Kaluza- 
Klein graviton towers of the Arkani-Hamed, Dimopoulos and Ovali( ADD) || or Randall- 
Sundrum(RS) || scenarios. 

The organization of this paper is as follows. After our introduction, we outline the 
influence of transverse polarization on the process e + e~ —> // in the presence of graviton 
exchange in both the ADD and RS scenarios. In particular we examine how the new asym¬ 
metries associated with transverse polarization can be used to probe for spin-2 graviton-like 
exchanges. In section 3 we analyze these asymmetries in detail and their applications for 
spin-2 exchange identification at a future LC. We demonstrate the usefulness of TP in dis¬ 
tinguishing s-channel spin-2 exchange from other possible new physics scenarios. We will see 
that TP allows one to expand the sensitivity range for the cutoff scale over which graviton 
KK exchange can be observed by up to a factor of two. We also show that TP may allow us 
to differentiate the ADD and RS scenarios below KK production threshold. Our conclusions 
can be found in Section 4. 
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2 Transverse Polarization Asymmetries 


For our analysis we will follow a slightly modified version of the notations and conventions 
employed by Hikasa[|l3|]. Consider the process e + e~ —» // with the both electron and 
positron beams polarized. We will denote the linear and transverse components of the e _ (e + ) 
polarizations by Pl,t{P'lt) an d f° r simplicity assume that the two transverse polarization 
vectors are parallel up to a sign. In this case, the spin-averaged matrix element for this 
process can be written as 

\M \ 2 = i(i - -PiUKir+l 2 + |r_| 2 ) + (p l - p'l)(\t +\ 2 - |r_| 2 ) 

+ (2P T P0)[cos20 Re{T + T*_) - sin 20 Im(T + T *)\, (1) 

where 0 is the azimuthal angle dehned on an event-by-event basis described above. (Note 
that 0 is defined in such a way so that the 2 —> 2 process always takes place in the 0 = 
0 plane.) It is interesting to note that the 0—dependent pieces of \M.\ 1 are particularly 
sensitive to the relative phases between the two sets of amplitudes. We also observe from 
this expression the important fact that the 0-dependent pieces are only accessible if both 
beams are simultaneously transversely polarized. Thus to have azimuthal asymmetries at a 
LC we must begin with both beams longitudinally polarized and employ spin rotators. 

Let us first consider the simple case with massless fermions in the final state assuming 
no s— channel scalar exchanges are present. Let us define the quantities 

f LL = QeQf + gz(v e ~ Cl e )(Vf ~ CLf)P 

/rr = QeQf + gz(v e + a e )(Vf + Clf)P 

f lr = QeQf + 9z{v e - a e )(y f + a f )P 

fRL QeQ f T dzif^e T Re) (Vf (lf)P , (2) 
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where v e ,a e (vf,af) are the vector and axial vector couplings of the initial electron (final 
fermion) to the Z and Q e j are their corresponding electric charges, with 


fM\ 

2 ’ 


and 

P = --- (4) 

s- M\ + iM z T z ' 1 ' 

Without scalar exchange but allowing for the possibility of spin-2 the relevant hclicity am¬ 
plitudes for this process are given by 


T+I = f LL (l + z)-f g (z + 2z 2 -l ) 

T++ = f L Ri 1 - z) - f g (z - 2z 2 + 1) 

T+- = f RL (l-z)-f g (z-2z 2 + l ) 

T_~+ = fM 1 + z)-f g {z + 2z 2 - 1). (5) 


where 0 = cos 9. Note that the spin-2 exchange merely augments the amplitudes which are 
already present in the SM(though with different cos 9 dependencies), he., no new hclicity 
amplitudes are generated by spin-2 over those due to spin-1. In contrast to this, scalar 
exchange would yield additional amplitudes of the form Ti~f etc. not present in the SM and 
would thus be easily isolated using the more conventional asymmetries associated with two 
beam longitudinal polarization0. Clearly isolating spin-2 exchange will be somewhat more 
difficult since no new amplitudes appear. f g is a model-dependent quantity; in the usual 
ADD model, employing the convention of HewettQ, one finds 

^ AiraMfj ' ^ ^ 
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where Mh represents the cutoff scale in the KK graviton tower sum and A = ±1. In the RS 
model the corresponding expression can be obtained through the replacement 


V_-_. (7) 

Mfj 8A£ ^ s- m 2 n + im n T n 

where A^ is of order a few TeV and m n (T n ) are the masses(widths) of the TeV scale graviton 
KK excitations. In what follows we will always assume that we are below the threshold for 
the production of these resonances otherwise the spin-2 nature of the new exchange would be 
easily identified through an examination of the resonances themselves. We will also assume 
that we are sufficiently distant from these resonances in energy that there widths can be 
neglected in cross section calculations. 

In the case of massive final state fermions, such as tops, the helicity amplitudes given 
above are slightly altered and new amplitudes and are also present. The exact 
forms of these expressions in this case are not very enlightening so we will not present them 
here but they will be included in the analysis in the case of top quark pair production. 

What is the form or the angular distribution, da/dzdtfr, in the SM? (Here we define 
z = cos 9 as above.) In particular, we are interested in the ^-dependence of the terms 
associated with cos 20 and sin 20 in the expression above when no new physics is present. 
We note that the a small ‘imaginary’ term will be present even in the SM due to the finite 
width of Z. For yfs > 500 GeV this term can be safely neglected for most of our analyses 
here but we include it for completeness. As shown in, e.g., the work of Hikasa, both of these 
0-dependent terms are always proportional to 1 — z 2 in the SM and will remain so even if new 
gauge boson exchanges are present. However, due to the more complex ^-dependence of the 
spin-2 contributions to the helicity amplitudes we expect significant modifications of the SM 
result when gravitons are exchanged. In fact, interference between SM and spin-2 exchange 
amplitudes are found to produce both even and odd —z terms with the latter proportional 
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to ~ 2(1 — z 2 ) whereas the smaller pure gravity terms are instead found to be even in 2 and 
proportional to z 2 — (2 z 2 — l) 2 . The general difference in the ^-dependence of the of the 0 
sensitive terms and, in particular, the existence of the odd -2 contributions is clearly a signal 
for spin-2 exchange. We note in passing that in the case of scalar exchange no odd -2 terms 
will be generated since the spin-0 and spin-1 exchanges do not interfere. 

Let us assume, as mentioned above, that we are in an energy regime where the effects 
of the finite width of the Z can be neglected. For the moment, this would seem to imply 
that the term proportional to sin 20 can be neglected in the case of KK graviton exchange. 
Let us proceed making this assumption but remembering to return to this important point 
below. We will later see that the terms that we now neglecting will have no influence on this 
part of our analysis. In order to attempt to isolate the spin-2 exchange contributions we first 
can form a differential azimuthal asymmetry distribution which we symbolically define by 


l_dA 

N~dl 


L 


da 

dzdcj) 


L 


da 

dzdcj) 


J da 


( 8 ) 


where / ± are integrations over regions where cos 20 takes on ± values; integration over the 
full ranges of 2 and 0 occurs in the denominator. It is important to note that we expect 
this differential asymmetry to take on rather small numerical values since it is normalized 

to the total cross section and not to the differential cross section at the same value of 2 as is 
usually done. As we will see below, this particular normalization is most useful in isolating 
the most important aspects of TP physiucs. To get a feeling for this asymmetry, we show its 
behaviour for both the SM and in the ADD scenario in Fig.l at a 500 GeV LG for the final 
states / = n or r, c and b. Note that from here on we will combine results for the / = /i and 
r final states to get added statistics. In this figure we have for concreteness assumed that 
the spin rotators are nearly 100% efficient ||T4|j so that Pt = 0.8 and P' T = 0.6. Note that the 
spin-2 effects are large and in particular the fact that the azimuthal asymmetry distribution 
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is no longer symmetric under z 


—z as we might expect from the discussion above. 


There are two ways to naively access the odd-£ terms. First, one can take the dif¬ 
ferential azimuthal asymmetry defined above, separately integrate it over positive and neg¬ 
ative values of z, then take the difference, i.e., form a forward-backward asymmetry using 
N~ l dA/dz: 


A-fb — — 


1 

r , dA 

f dA 


/ dz — - 

/ dz —— 

N 

Jz> o dz 

Jz< o dz 


( 9 ) 


It is important to be reminded that in the SM and in any new physics scenario with s-channel 
Z' exchanges one has Afb — 0. This is also true in the usual four-fermion contact interaction 
i ||16|| which involves only vector and axial-vector couplings. Due to the nature of spin- 


scenario 


0 exchange it is clear that Afb would remain zero in this case as well. A second possibility 
is to take odd moments of the asymmetry with respect to, e.g., the Legendre polynomials 


PrAz) 15 


<Pn> N 


dz P n (z)^ 
dz 


( 10 ) 


Note that only < P 13 > will be non-zero in this case since no factors of z 5 appear in the 
cross section. As in the case of Afb, these moments are zero in both the SM and Z' models. 
In the case of graviton exchange, not only are the moments < P 13 > non-zero, they are also 
not independent of each other. A short analysis finds that in the case of spin-2 exchange the 
ratio of moments is fixed: < P 3 > / < Pi >= —3/7, uniquely. It is thus rather obvious that 
the existence of odd -z terms is a signal for graviton, or more generally, spin-2 exchange. 
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Figure 1: Differential azimuthal asymmetry distribution for e + e —> // at a 500 GeV LC 
assuming a luminosity of 500 fb _1 . The histograms are the SM predictions while the data 
points assume the ADD model with M u = 1.5 TeV. In the top panel f — n and r are 
combined, while in the middle(lower) panel, / = c(b). Pt = 0.8 and P' T = 0.6 are assumed. 



































































3 Analysis 


It is clear that non-zero values of either ^ or < P 13 > provide a clean signature for spin-2 
exchange in the e + e _ —>• // process. Their appearance at the level of 5a can thus be claimed 
as, not just a discovery of new physics, but spin-2 exchange in particular. To be specific in 
what follows let us concentrate on the ADD model; (almost) all limits obtained there can be 
immediately translated to the case of the RS scenario. From Fig.l it is apparent that modest 
values of Mp cause quite sizeable distortions in the N~ l dA/dz distribution. However, as we 
will see this sensitivity is somewhat diluted if we are only asking whether or not, e.g. Afb 
is non-zero. After all the asymmetry distribution may be quite different than what the SM 
predicts in both magnitude and shape and yet Aps will remain zero. Such a possibility 
will occur in the case of , e.g., spin-0 exchange. To determine the 5a identification reach 
we will assume that the individual polarizations are known rather well, 5P/P = 0.003, that 
the efficiencies of identifying the final state fermions is rather high: 100% for f — h,t, 60% 
for f — c,t, and 80% for f = b with no associated systematic uncertainties and include the 
effects of initial state radiation. The 5a identification reaches, making these assumptions, 
are shown in Figs. 2 and 3 for different values of yfs as functions of the integrated luminosity. 
In obtaining these results we have combined all of the various final states above into a single 
fit. In all cases a small angle cut of 100 mrad around the beam pipe has been employed; our 
results are not particularly sensitive to this value. 

These reaches are, as one might expect, somewhat sensitive to the fact that we have 
assumed values of Pp = 0.8 and P' T = 0.6. If the efficiency of the spin rotators is some¬ 
what less than ~ 100% or if such high initial longitudinal polarizations are not achieved 
the 5a identification reach will clearly degrade. This reduction in reach will not be very 
serious unless the product PtP't is very greatly reduced or unless other errors dominate the 
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Figure 2: 5 a identification reach in Mp using App as a function of the integrated luminosity 
from the process e + e“ —> //, with / summed over /x, r, b , c and t. Here Pp = 0.8 and 
P' T = 0.6 are assumed. From bottom to top the curves are for y/s = 0.5, 0.8,1,1.2 and 1.5 
TeV, respectively. 
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experimental uncertainties in the measurements. 


From these two figures some immediate conclusions can be drawn. First, it is clear 
that the identification reach obtained from Afb is somewhat superior to that obtained from 
the measurements of < P\ .3 >. Secondly, it is clear that the identification reach in either case 
alone, M H ~ (3.5 — 4 )y/s, is not as good as what can be obtained employing longitudinal 
polarizationl|15||. Thirdly, it is unclear that combining the two sets of observables would be 
very useful since Afb is correlated with the values of < Pg 3 >. In order to obtain better 
reaches we must try something more aggressive. 



Figure 3: Same as the previous figure but now using the moments < Pg 3 >. 


We noted above that in the SM, in all Z' models and in the case of conventional four- 
fermion contact interactions the azimuthal asymmetry always takes the form N~ 1 dA/dz ~ 
(1 — z 2 ). Clearly these specific forms of new physics will only modify the normalization 
of the azimuthal asymmetry distribution since its shape is left unaltered. We can thus 
ask up to what value of the cutoff scale, M Hl can we differentiate the effects of gravity-a 
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change in the shape of these distributions-from a simple overall change in the normalization 
of distributions for the various final states. This allows us to set a limit on the value of 
Mh below which graviton exchange can be distinguished from Z' exchange or four-fermion 

contact interactions. To do this we fix Mh and try to fit the N~ l dA/dz distributions for 

H , r, c and b final states assuming a SM shape but allowing the normalization to float 
independently for each final state. If the CL of the fit is very poor we raise Mh until we 
achieve a CL equivalent to 5cr, be., 5.7 x ICC 5 . For luminosities above 100 — 200 fb~ 1 
the errors are completely dominated by systematics and we find the results shown in Table 

I. (Changing the luminosities in our range of interest ^ — 2 fb^ 1 has little quantitative 
effect and only modifies the second decimal place in these results.) Here we see that for 
Mh ^ (10 — 11) the effects of spin-2 graviton exchange can be distinguished from a Z' 
or any form of the four-fermion contact interactions. This identification reach is numerically 
similar to the 95% CL discovery reach for graviton exchange obtained using only singly 
longitudinally polarized beams [O, [ 


181 for the same process. Since these results are so 


dominated by the systematics it is important that a more detailed study of this type be 
performed using a realistic detector simulation since the likely size of the true systematic 
errors will be somewhat larger than those assumed in this analysis. However, the reach here 
is so large it is clear that this is an avenue worth persuing. 


Given these results we can go a step further. If graviton and Z' exchanges can be 
distinguished up to M H ^ (10 — 11)^ using TP, what is the corresponding 95% CL search 
reach for graviton exchange obtainable with TP? For this type of analysis we assume that the 
N~ 1 dA/dz distributions for each final state fermion are given by their SM values and ask at 
what value of Mh the corresponding ones with graviton exchange become indistinguishable 
from these. Again we find that above very modest integrated luminosities the errors are 
completely dominated by systematics; we thus expect our results to again be on the high 
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E C m (GeV) 

Reach (TeV) 

500 

5.4 

800 

8.8 

1000 

11.1 

1200 

13.3 

1500 

16.7 


Table 1: Identification reach for Mh in the ADD model assuming the distribution 
N~ x dA/dz r^j 2. — z 2 and varying the individual normalizations for the final states / = /x, r, 
/ = b and / = c for LC of different center of mass energies. 


side of what would be obtained in a more detailed detector study. These results are shown in 
Table 2 where we see that the values are in the range M H ;> 20^. These are such enormous 


numbers that even a degradation by 30 — 40% would lead to the highest search reaches for 


KK graviton exchange found so far in the literature [pT 


E cm (GeV) 

Reach (TeV) 

500 

10.2 

800 

17.0 

1000 

21.5 

1200 

26.0 

1500 

32.7 


Table 2: 95% CL search reach for Mh as described in the text. 


Given the great sensitivity of transverse polarization to KK graviton/spin-2 exchange 
it would be natural to ask if TP can be used to distinguish the ADD from the RS model 
scenarios below KK production threshold. At first, there would seem to be no difference 
between the predictions of these two models for the situation under discussion. In the RS 
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model, if we are away from the Z and graviton KK poles the imaginary part of amplitude 
which enters the term proportional to sin 20 becomes vanishingly small. However, as was 


recently pointed out by Datta, Gabriclli and Mele[IH], the exchange of an essentially contin¬ 
uous spectrum of ADD gravitons leads to a finite, cutoff-independent imaginary part of the 
amplitude. This forgotten piece grows very rapidly with increasing yfs and depends quite 
sensitively upon the number of extra dimensions. Since this term is finite it directly probes 
the effective fundamental Planck scale of the extra-dimensional theory. Using the notation 
employed above one now finds that f g has an grown imaginary part: 


h = 


w 


19 AiraMfj 


1 -i 


.TTMfj(^s) S 2 S S -1 


16 M 5 d +2 


( 11 ) 


where 5 is the number of extra dimensions, Mp is the 5 dimensional fundamental scale and 
Ss-i is the area of the 5 sphere. We again note that the magnitude of this new imaginary 
part, unlike the real part as parameterized in the Hewett scheme, depends quite strongly on 
the number of extra dimensions. 

To proceed we can form a new asymmetry in analogy to the above: 


1 dAj _ /+ dzdrf) f- dzd<t> 

N dz fda 


( 12 ) 


where now the / ± are integrations over regions where sin 20 takes on ± values and we 
integrate over all z and 0 in the denominator as before. We note that when we perform the 
integrations in this manner all terms proportional to cos 20 are found to cancel implying that 
there is no cross contamination from this other asymmetry source. (This also implies that 
all of our analyses above will go through even if a term proportional to sin 20 is present.) 
Of course this new distribution is identically zero in both the SM as well as the RS model 
away from the Z and RS KK graviton poles. Thus, observing any non-zero value for this 
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Figure 4: The N 1 dA i /dz distributions at a 500 GeV collider assuming M H = M D = 1.5 
TeV and 6 = 3 with an integrated luminosity of 500 fb -1 . The plotted points from top to 
bottom in the center of the plot correspond to / = b, // plus r and c, respectively. 

quantity is a signal for the ADD model. This is particularly true after the spin-2 nature of the 
exchange has already been established. Fig 4 shows how these new asymmetry distributions 
may appear at a 500 GeV LC assuming as before that Pt = 0.8 and P' T = 0.6 and taking 
6 = 3 for purposes of demonstration. (We do not consider the case <5 = 2 here as the bounds 
on the scale Md in this case are in excess of ~ 100 TeV||18||). For simplicity we have assumed 
M h = M d in this figure and will continue to do so in our discussion below; we expect these 
two mass scales to be reasonably comparable, though if for some reason Mh << Md this 
would lead to a serious modification in the sensitivity to this observable. 

Assuming a value of 6 we can ask up to what value of Mh = Md we can determine 
that the N~ 1 dA i /dz distribution is non-zero at the 5a level. Based on the expression above 
we expect that this reach will be reasonably sensitive to the value of S' this is indeed what we 
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Figure 5: 5a reach for the discovery of a nonzero value of the azimuthal asymmetry 
N~ 1 dA i /dz distribution as a function of the integrated luminosity at a LC. The top(bottom) 
panel is for 6 = 3(4). Within each panel, from bottom to top the curves are for 
a/s = 0.5,0.8,1,1.2 and 1.5 TeV, respectively. M H = M D is assumed throughout as is 
P T = 0.8 and P' T = 0.6. 
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find from Figs. 5-6 which show the resulting reaches at the 5 a level for the range <5 = 3 — 6. 
The first thing to notice is that the sensitivity to this imaginary term decreases as <5 is 
increased. This is not surprising since we see from the equation above that the magnitude 
of this term goes as (y/s/Mn) 5 ^ 2 and a Js/Mh is always < 1 while <5 > 3. For <5 = 3 the 
reach is found to be ~ (2.5 — 3)y/s while for <5 = 6 one obtains only ~ 2 yfs. Although these 
numbers are not large in comparison to those we’ve obtained in the other analyses above 
they provide the first indication that these two scenarios can be distinguished at a collider 
via indirect measurements. 


4 Summary and Conclusion 

Historically, transverse polarization has not received much attention in the literature as a 
probe for new physics signatures. However, in searching for and identifying new physics at 
colliders one must make use of as many tools as possible. 

In this paper we have examined the possible uses of transverse polarization in search¬ 
ing for, discovering and identifying spin-2 graviton exchange signatures in models with extra 
dimensions. The results of our analysis are as follows: (i) We have found that the inter¬ 
ference of SM and spin-2 graviton KK exchanges leads to contributions to the azimuthal 
asymmetry distributions which are odd in cos 6 , a rather unique signature. The appearance 
of such odd terms does not happen in the case of other new physics such as a Z\ contact 
interactions, gauge boson KK excitations or the exchange of new scalars, (ii) Using two 
different sets of observables that probe the integrated contributions of these odd terms, we 
showed that it possible to differentiate KK graviton/spin-2 exchanges from all other new 
physics contributions to contact interactions at the 5<r level up to ADD cutoff scales of 
M H ~ (3.5 — 4) v ds. (in) Fitting to the shape of the full differential distribution itself was 
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Figure 6: Same as the previous figure but now for 5 = 5(top) and 5 = 6(bottom). 
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shown to provide much more discriminating power; we found that the 5 a identification reach 
was substantially increased to M# = (10 — 11) a/s, about a factor two improvement over 
what we obtained in our earlier analysis in the case of longitudinal polarization. This result 
is, however, quite sensitive to our assumptions about the sizes of various systematic errors. 
(iv) Using this same type of analysis we obtained a 95% CL search reach for new physics in 
excess of m# = 20/s; this is again about a factor of two improvement over other analyses. 
As in the previous analysis, this result is also quite sensitive to the assumed values of the 
systematic errors. Clearly, more detailed studies are required to verify these results. ( v ) In 
the case of the ADD model, an additional imaginary piece of the amplitude is present in 
comparison to the RS model below KK production threshold. We showed that this leads 
to a new asymmetry, produced through transverse polarization, which allows RS and ADD 
model separation at 5 a up to masses M h = (2.5 — 3) a/s. 

It is clear from our analysis that transverse polarization, though somewhat long ne¬ 
glected, can be a very powerful tool in identifying new physics, particularly in the case of 
extra dimensions. Further detailed study of the effects examined here may prove extremely 
useful for future linear collider experiments. 
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